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The purpose of this investigation was to characterize 
the ['IH]thymidine label-retaining and the "maturing" 
classes of basal cells from the dorsal epidermis of adult 
SENCAR mice and to compare their early cellular ki-
netic responses to topical application of the tumor pro-
moter, 12-0-tetradecanoylphorbol-13-acetate (TP A) . 
Autoradiography of epidermal whole mounts and cross 
sections demonstrated that injection of [3 H]thymidine 
every 6 h for 1 week labeled 95% of the basal nuclei, 
including those in the central region of the epidermal 
proliferative units. One month later, the labeling index 
was reduced to 2 %; 90% of the label-retaining cells were 
within a nuclear diameter of the central suprabasal 
column of the proliferative units. When mice were 
treated with 2 1-Lg of TP A 1 month after labeling, mitotic 
label-retaining cells were found within 22 h after treat-
ment. Seventy-five perce nt of the label-retaining cells 
remained on the basal layer through the 28-h experi-
mental period. In contrast , the basal labeling index fol -
lowing a 1-h pulse of [''H]thy midine was 5 %. Eighty-
five percent of the labeled ce lls were found in the pe-
riphery of the proliferative units. By 4 days after pulse 
labeling, most of the originally labeled cells had divided, 
although vertical cross sections indicated that 92 % re-
mained on the basal layer. When mice w e re treated with 
TP A on day 4, labeled cells were rarely found in mitosis. 
Instead, about 60% of the labe led cells were displaced to 
the suprabasal layers. These observations suggest that 
2 classes of epidermal basal cells have different early 
responses to TP A treatment: the label-re taining cells 
proliferate, and most of the "maturing" cells continue to 
differentiate. 
Tumors ca n be induced on t he bac ks o f mice following 
initiation wi t h a subtum ori ge nic application of a carcinoge n 
a nd subsequent repetitive t reatment with a noncarcinogenic 
promoting age nt. Initiation p resumably involves conversion of 
some epiderma l ce lls in to latent neoplastic cells; promotion 
elicits expression of the neoplastic cha nge [1 ,2 ]. There is evi -
dence suggesting both initiation a nd pro motion a re processes 
t hat can be div ided into severa l s tages [3,4]. 
Treatments such as 12-0-tetradeca noylphorbol-13-acetate 
(TPA) that effectively promote s kin tum ors in mice have in 
common th e capacity to provoke a n epiderma l hyperplasia [1,5-
7]. Coincident wi t h the production of the hyperplasia is a 
trans ient increase in keratinization, soon followed by t he in -
duction in adult skin of a morphologically and biochemically 
immature epidermis [8]. Recent evidence suggests that these 
changes migh t re fl ect a lterations in t he epiderma l prolifera tive 
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population [9-13]. Indeed , t he a bility to induce a nd maintain 
a n embryonic-appea ring epidermis has suggested t hat the ac-
tivation of a n epiderma l stem cell might be a highly s ignifica nt 
event in t he induction of epiderm al hyperplasia by t umor 
promoters [8,13-16]. 
There is substa ntia l evidence suggesting t hat norma l basa l 
keratinocytes wit hin the murine epiderma l proliferative units 
comprise a maturation sequence of epiderma l s tem cells, t ra ns it 
(amplifying) cells, a nd postmitotic maturing keratinocytes [1 7-
20]. However , very li ttle is known a bout. poss ible relations hips 
between the maturity of keratinocytes wi thin the proliferative 
units and their responsiveness to treatments effective in s kin 
tumor promotion. 
Therefore, we have in t hi s investigation used well -recognized 
differences in t he kinetics of ["H] thymidine labeling wi t hin t he 
proliferative units to ident ify in the norma l, dorsal epide rmis 
of adult SENCAR mice 2 classes of epide rmal cells: (1) those 
wi t h charac teristics expected of a s lowly cycling population 
[20], a nd (2 ) tho e with cellul a r kinetic features of maturing 
kerat inocytes prio rto displace me nt from t he basa l layer [17,21 ]. 
Moreove r, we have in vestigated the ea rly responses of t hese 
ce ll s w a s ingle application o f T P A wi t h regard to p ro li fe rative 
act ivit y a nd epiderma l dis tribu t ion. The results o f t hese ex per-
iments demo nstrate that th e s lowly cycling label-reta ining ce ll s 
enter mitosis a nd that most of t he "maturing" cells unde rgo 
di splacement to t he supra basall aye rs foll owing T P A t reatment. 
MATERIALS AND METHODS 
SENCAR fe male mice, 5 weeks of age, from Oak Ridge Research 
Institute (Oak Ridge, Tennessee) or from Harlan Sprague Dawley 
(Indianapolis, Indiana) were housed under sta ndard condi tions for 2 
weeks. Then, the dorsal hair was clipped with electric clippers, and 
only those mice having resting hair follicles 2 days later were placed in 
an experiment. Mice were injected i.p. with fm ethyi-" H]t.hym idine 
(!CN, Irvine, California; sp act 40 Ci/ mmol) at a concent ration of 10 
J.L Ci in 0.1 ml per injection every 6 h for 7 days (continuous labeling). 
Another group of mice was injected once with 30 J.l Ci in 0.1 mi. 
Experiments were always begun between 8: 30 and 9:30AM to minimize 
potential effects of diurnal variation in epidermal cell proli fe ration on 
the labeling indices. 
Two micrograms of TPA (Chemicals for Cancer Research, Eden 
Prairie, Minnesota) were applied to the back of each mouse in 0.2 ml 
of spectral-grade acetone (Fisher Scient ific Company, Fair Lawn, New 
Jersey) between 8:30 and 9:30AM. To determine the responsiveness of 
label-retaining cells, one group of mice was t reated wi th TPA 35 days 
after completion of continuous labeling. To determine the responsive-
ness of "maturing" basa l ce lls to TPA, another group of mice was 
t reated 4 days after pulse labeling. 
Histology and Autoradiography 
Whole mounts of dorsal epidermis [22] and slides containing 10- 12 
serial 4-J.Lm vertical cross sections prepared from each mouse were 
treated with xylene, rinsed in absolute ethanol, and dipped in 40· c 
nuclear track emulsion (Eastman Kodak Company, Rochester, New 
York) dilu ted 1:1 wi th distilled water. The coated slides were dried in 
total darkness, then exposed for 14 days at 4 ·c in light -tight boxes 
containing silica gel dessicant. The autoradiographs were developed 
without agitation in Kodak D-19 for 3 min at 1s · c , rinsed in cold 
distilled water, and fixed in 18·C Kodak Fixer. Afte r washing, t he slides 
were lightly sta ined wi th hematoxylin and eosin . Control slides were 
processed to determine any positive or negative chemographic effects 
on the emulsion [23], but none w.as apparent; backgrou nd was negligi-
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ble. Trial counts determ ined t he lower limi t on the number of grains 
constituting a labeled nucleus. Microscopy was perfo rmed with a Zeiss 
Standard microscope equipped with 40X and lOO X planapochromatic 
objectives and lOX eyepieces. Filters and illumination were always held 
constant. 
Identification of Label-Retaining Cells 
The dist ribu tion of labeled nuclei was determined upon completion 
of continuous labelin g and 35 days after continuous labeling. Prolifer-
at ive uni ts were ident ified in epide rmal whole mounts as previously 
described 124 ] by locating the approximately central column of supra-
basa l nuclei, focusing down on the natt.ened polygonal ce lls of the 
granular layer, and then focusing back up to the grains above the basal 
nuclei. Labeled basal nuclei were scored as cent ral if within a nuclear 
diameter of t he column, or as peripheral if more than a nuclear diamete r 
from the column. At least 100 labeled nuclei were scored for each 
dete rmination. Labelin g indices were determined in 4- llm cross sections 
of un treated epidermis at the intervals above. At. least 1000 nuclei were 
scored for each determination and the va lue was expressed as a per-
centage. T he basal or suprabasal position of at least .'iOO labeled nuclei 
was determined in cross sections of un t reated as we ll as TPA-treated 
epidermis after 12, 17, 23, and 28 h. Mitotic indices (mitotic/ 100 
in terphase nuclei) and indices of labeled mitoses (labeled mitotic/100 
labeled interphase nuclei) were determined in vert ical cross sections of 
un treated and TPA-treated epidermis at the above intervals. Five hours 
before sac rifice, mice were injected i.p. with colchicine (0.004 mg/g of 
body weight; Fisher Scientific Company, Pittsburgh, Pennsylvania) in 
0.9% NaCI solu tion. Mitotic fi gures were counted in at least 1000 
labeled cells. 
Identification of "Maturing" Basal Cells 
The distribution of labeled basal nuclei within the proliferative uni ts 
was dete rmined as described above in epidermal whole mounts from 
anot her group of animals at 1 h, 4 days, and 35 days afte r a single 
injection of l"H] thymidine. Similarly, cross-sectional labeling indices, 
basal-suprabasa l distr ibution, and colchicine- mi totic indices were de-
termined at the 4-day time point for untreated and TPA-treated 
epidermis. Mitotic fi gures were sco red in at least 200 labeled nuclei. 
RESULTS 
Tissue Organization 
An initial microscopic investigation of both epiderm a l whole 
mounts a nd seri a l cross sections demonstrated t hat the epider -
mis of adul t SENCAR mice is orga ni zed into morphologic 
proliferative uni ts as have been described in detail for othe r 
stocks a nd s train s of mice [25]. Thus, ve rt ical c ross sections 
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demonstrate t hat t he s in gle layer of basal cells is covered by a 
suprabasallayer with periodic columns of 3 11atte ned nucleated 
cells a nd occas iona l intercolumnar cells. The proliferative uni ts 
a re seen most easily in ep iderma l whole mounts: groups of 10-
12 basal cells lie with in t he usually hexagona l bounda ries 
formed by t he t1atte ned supra basal cells . Two or 3 of t he basa l 
cell s in eac h group a re close to t he approximate ly ce ntra l 
co lumn of supra basal nuclei. The rema ining cells in eac h group 
are more than a nuclear diameter from the column. The reader 
is referred to the original work of Potten [24) and a m ore recent 
rev iew [25] for detailed descriptions. S imila rly, the results of 
initia l continuous labeling experiments co nfirmed previous re-
ports that t he centra l cluster of basal cells within the prolifer-
ative units incorporated [3H]thymidine much more s lowly than 
did t he periphera l cells [26]. 
LabeL-Retaining CelLs 
Autoradiographs of epiderma l whole mounts made 1 mo nt h 
followin g a s ingle injection of [3H] t hymidine revealed a very 
small number of labeled basa l nuclei t hat appeared to be 
associated with t he centra l region s of the proliferative units. 
Due to their ex treme scarcity, however , a n accurate assess ment 
of t heir di stribution and number was not attempted. A more 
exte nsive la beling protocol provided more labeled cells for 
a nalys is: injection of 10 J.lCi of (3H]thymidine every 6 h for 1 
week labeled 92 ± 0.8% (number of mice, n = 6; SD) of the 
basa l nucle i including many o f those associated with the central 
regions of t he proliferative units (Fig lA ). To determine t he 
lower limit on the number of grains that would subsequently 
co nstitute a label-retaining cell , grain count distributions over 
clusters of central nuclei were prepa red immedi ately after com-
pletion of continuous labeling. Fig 2 indicates t hat modal grain 
count was 20, and that almost all of the labeled nuclei had 
more than 7 grains. Therefore a lower limit of 7 grains was 
chosen as t he definition of a label-retaining ce ll 35 days after 
completion of continuous labelin g. Counts of t he label-retaining 
cells in whole mounts from 4 mice gave 140 ± 28.5 labeled 
nuclei per mm, . This corresponded to about 1% of the basal 
nuclei us in g an average value of 14,388 ± 1,520 (n = 3) basal 
nuclei per mm 2 . Of t he la bel-retaining cells 90 ± 1.4% (n = 8) 
were wi t hin a nuclear dia mete r of the central co lumn of the 
proliferati ve units (Fig lB ). Because the preparat ion of epider-
mal whole mounts o f TPA-treated epidermis proved to be 
technically unfeas ible at time points later than 12 h , labeling 
F IG 1. Autoradiographs of epidermal 
whole mounts made from untreated dor-
sal skin of adult SENCAR female mice. 
Basal cells in typical proliferative units 
are circled (X 630). A , Epidermal basal 
layer immediately after completion of 
continuous labeling with [3Hjthymidine. 
8 , Label-retaining cells 35 days after 
completion of continuous labeling; note 
their centra l location. C, Labeling of pe-
ripheral basal cells 1 h after a single 
injection of ("H]thymidine. D, "Matur-
ing" basal ce lls 4 days after a single 
injection of [3H]thymidine. 
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and mi tot ic indices of norm al epidermis were a lso determined 
in vert ical cross sections. Thus, t he cross-sectional labeling 
index was reduced from 95 ± 1.7% (n = 4) immediately afte; 
continuous labeling to 2 ± 0.6% (n = 8) 35 days late r. Of the 
label-reta ining ce ll s, 1 ± 0.5% (n = 5) were mi totic (colchicine 
+ 5 h) , a nd 94 ± 2.1% (n = 5) were basal; t hose t hat were 
suprabasal we re usually in the most superfi cia l nucleated po-
sition. 
Labeled "Maturing'' Cells 
The results of an ini t ia l investigation demonstrated t hat 
following a s ingle injection of ['lJ-i] t hymidine: labeled nuclei 
were not found in t he supra basal layer un t il 5- 6 days late r, t hat 
eli pl ace ment wi t hin t he suprabasal layer occurred seria lly 
t hrough the co lumns, a nd t hat the overa ll epidermal t ransit 
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FI G 2. Grain count distribution of labeled central ce lls within the 
proliferati ve units immediately after completion of continuous labeling. 
A minimum coun t of 7 grains was chosen to define a label-retaining 
cell 35 days later. One hundred labeled nuclei from epidermal whole 
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time was 7- 8 days. Because t hese resul ts in SENCAR mice 
were so s imilar to those obta ined in CD-1 mice [27], t he details 
a re not shown here. Following a 1-h pulse of ['1H)t hymidine, 
t he labeling index dete rmined in vert ica l cross sections was 5 
± 0.8% (n = 9) basal nuclei; no suprabasal nuclei were labeled. 
Auto radiographs of epidermal whole mounts (Fig lC) demon-
strated that 85 ± 1.1% (n = 7) of t he labeled nuclei were 
distributed peripherally wi t hin t he proli fe rative uni ts. By 4 
days, the peripheral distribut ion of labeled nuclei was often 
more appa rent than at l h (Fig lC ); many labeled nuclei 
appeared between the proliferative uni ts. T he labeling index 
had increased to 9 ± 1% (n = 5) and pairs of labeled nuclei 
were frequen t ly seen. Of t he la beled nuclei, 92 ± 1.8% (n = 6) 
remained on the basal layer 4 days after injection of [aH] 
thymidine; 89% (n = 2) remained basa l for 5 days. 
Responses to Label-Retaining Cells to Treatment with TPA 
Autoradiographs of label-retaining cells demonstrated 
marked a nd s ignificant increases in mitotic activity fo llowing 
t reatment wit h T PA (Fig 3A, B) . T he number ofl abel-retaining 
cell s in mi tosis increased from a normal value of 1 ± 0.5 % (n 
= 5) to 16 ± 5.0% (n = 4) by 23 h (Table I) , at a t ime when the 
overall mi totic index was elevated. There was a slight, but 
significant decrease (Student's t-test ( p = 0.002) in t he number 
of label-re ta ining basal nuclei wi thin 12 h following t reatment 
wi t h TPA (Fig 4), but essentially no further decrease occurred 
throughout t he experimental period. Inte restingly, la bel-retain-
ing ce lls were not usually found in t he superficia l nucleated 
laye rs after TPA treatmen t. Neit her t he di stribut ion nor t he 
mitot'i c activity of t he label-retaining cell s was measu rably 
a lte red in response to t reatment with acetone. 
Responses of "Maturing'' Basal Cell to Treatment with TPA 
In contrast to t he responses of t he label-retainin u cell s 
"maturing" basa l cells underwent rapid displacement ''to th~ 
suprabasa llayers after t reatment with T P A (Fig 3C,D ): by 12 
h t he number of labeled basa l nuclei decreased from 90% to 
50% (Fig 5). By 28 h, many of the labeled suprabasal nuclei 
were fla tte ned, contained keratohyaline granules, and were 
found in the superficial layers. Thus, the percentage of labeled 
cells in mitosis remained low throughout t he experimental 
period (Table ll) . However, of the labeled cells remaining on 
t he basa l layer some do enter mitosis: 2 ± 1% (n = 6) by 12 h; 
··-
, .· 
.. 
"' 
. ' 
8 
D 
FI G 3. Auto radiographs of epidermis 
from the do rsal skin of SEN CA R female 
mice (x 1000). A , Untreated epidermis 
demonstrating label-retaining cells. B, 
Label-retaining cells in mitosis 23 h afte r 
Lre11tment with T PA. C, Untreated epi -
dermis showing a pair of "maturing" 
basal cells 4 da.vs after a single injection 
o f ['1Hjt.hy midine . D. Displace ment of 
"maturing" basa l cells 23 h after t reat-
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TABLE I. The mitotic index and percentage of mitotic label-retaining 
cells in SENCAR female mouse epidermis fo llowing treat.ment with 2 
Jlg TPA 35 days after complet ion of continu.ou.s labeling with 
[3 H) thymidine 
Hours afte r Mitotic index Percent mitotic label-retain ing 
TPA" (m itoses/in te rphase) cells (labeled mi toses/labeled 
Untreated 1 ± 0.51' 
(5) ' 
12 5±2 
(6) 
17 6±3 
(4) 
2'l 25 ± 4.8 
(4) 
28 29 ± 7.2 
(6) 
"Colchicine was injected 5 h prior to sac rifice. 
• Average± SD. 
,. Numbe r of determ in ations in parentheses. 
100 
~ 
ij 
0 
Normal 12 17 23 2 8 
Hours Following TPA 
interphase) 
1 ± 0.5 
(5) 
l ± 0.5 
(4 ) 
0 ± 0.5 
(4) 
16 ± 5.0 
(4) 
23 ± 10 
(4) 
I 00 
D 
0 
Ftc 4. Average percentage of basal and suprabasal labe l-retaining 
ce lls after a single application of 2 Jlg of TPA. Four to six mice we re 
used for each determination. Bars= SD. 
10 0 ,-- I 
~ ~ i! 80 
~ 
~ 
0 0 
Normal 12 17 23 28 
Hours Following TPA 
Ftn 5. Average percentage of basa l and suprabasal "maturing" cells 
fo llowing a single treatment with 2 Jl g of TPA. Three to six mice were 
used for each dete rmination. Bars= SD. 
1 ± 1% (n = 6) at 17 h; 16 ± 10% (n = 5) by 23 h; 32 ± 5.8% 
(n=3)by28 h. 
DISCUSSION 
T he purpo!'le of t hi s investigation was to determ ine the early 
respo nses foll owing top ica l treatment with TPA of 2 classes of 
basal cells identifi ed in t.he dorsa l epidermis of adult SEN CAR 
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mice. The resul ts of these experiments have demonstrated 
marked differences between the ["H] t hymidine label-reta ining 
ce lls and the "maturing" basal cells in their ear ly responses to 
a s ingle application of TPA: ma ny of t he labe l-retaining cells 
ente red mitosis, wh ereas most of t he "maturin g" cells under-
went rapid displace ment from t he basa l laye r. 
Differences in ["H]thymidine la beling kinetics among t he 
basal cells within t he prolifera t ive units were used for iden t ifi -
cation because t hese differences have been well substant iated 
[28] and because techniques for marking co nclusively particular 
differentiative classes in t he keratinocyte lineage have not yet 
been developed [26,29]. Thus, there a re severa l importan t co n-
siderations concerning the use of r1H ]thymidine la beling as a 
marker. First, a lthough t he murine epiderma l basal layer is 
co mposed primarily of kera tinocytes, t here a re a lso La ngerha ns 
cells (about 10%), mela nocytes (about 3% ), and Merkel cells 
(ra re) [28]. That t he 2 classes of cells studied in this investi-
gation a re primarily ke rat inocytes is suggested by t he fo llowing 
literature reports: (1) fo llowing a single pulse o f ["H) thy midine, 
less t han 0.01 % of t he Langerhans cells were labeled, and the 
number remained low t hrough 5 days [30] (2) fo llowing repeated 
injection of [3H]thymidine to 11 - to 12-day-old mice, onl y about 
4% of the labe l-retainin g cells were Langerhans ce ll s and none 
was a melanocyte [20]; (3) t he destruction or disappearance of 
epiderm al Langerhans cells has been reported to fo llow treat-
ment with croto n oil from which TPA is derived (31]. These 
observations suggest strongly that the 2 classes of labeled cells 
described in t his study a re prima rily keratinocytes; t his is 
p resent ly being investigated in greater detai l. Secondly, t he 
extreme scarcity of la beled basa l cells persisting 35 days after 
a single injection of ['1H]thymidine, as we ll as the very different 
responses to treatment with TPA, suggests t he 2 classes iden -
tified in t his study a re probably mutually exclusive. Thirdly, 
t he 2 classes a re not necessarily homogeneous; some of t he 
labe led cells fo llowing a single pulse of ["H]thymidine are 
possibly included in the "transit" popu lation. 
That basal ce ll s having the cellular kinetic cha racte ristics of 
"maturing" basal keratinocytes undergo rap id displacement 
from t he basal layer after TPA treatment is s ignifica n t in light 
of the previously repo rted early decrease in epiderma l t ransit 
t ime [27]; it is also significa nt cons idering the a lterations in 
protein synthesis, particula rly increased keratinization 
[7,14,32]. The mi totic response of t he label-reta ining cells 
demonstrates t hat t hese cells can divide, a lt hou gh they com-
prise only a s ma ll fract ion of the tota l mitotic cell s a fter 
treatment with TPA . However, studies in progress have dem-
onstrated t he persistence of some of t he label-retaining cells or 
t heir daughters through 2 weeks after treatmen t wit h TPA. 
These observations are pa rt icularly significa nt because such 
TABLE II. The mitotic index and percentage of mitotic labeled cells in 
SENCAR female mouse epidermis following treatment with 2 Jlg TPA 
4 days after a single injection of { 'H) thymidine 
Percent labe led cells in 
Hours after Mitotic index 
TPA" (mitoses/in terphase) 
Untreated 3b 
(2) ' 
12 4 ± 1 
(6) 
17 4 ± 0.7 
(6) 
23 21 ± 2.9 
(5) 
28 33 ± 6.5 
(3) 
"Colchici ne was injected 5 h prior to sacrifice. 
1
' Average± SD. 
'Number of determinations in parentheses. 
mitosis (labeled 
mi toses/labeled 
interphase) 
0 ± 0.5 
(4) 
0 ± 0.4 
(6) 
0 ± 0.4 
(6) 
3±3 
(5) 
6±2 
(3) 
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cell s would be like ly ca ndidates for epiderm a l stem ce lls [20]. 
Fro m what is kn ow n about stem cell s in other t issues [30,34], 
t he epiderma l stem cells might be expected to comprise a s ma ll , 
s lowly cycling populat ion capa ble o f clon ogenic regene ration 
and self renewa l. Furt her studies a re required in order to 
determine whether t he label-retain ing cells a re t he epiderma l 
stem cell s. 
The observat ions p rese nted in t his report have demonstra ted 
t hat epiderma l basa l cell s in vivo have different responses to 
a n application of TPA a nd suggest t hat t hese responses a re 
possibly a fu nction of ce ll maturi ty. Two a ddi t ion al observa-
tions reported in t he li te rature a re pa r t icu la rly releva nt in t his 
rega rd. One of t he cell s of t he cen t ra l cluster wi t hin t he p rolif-
e rative units appeared to be more sens it ive to DNA syn t h esis 
induced by minor woundin g t han t h e cell s at t he periphery of 
t he prolife rat ive uni ts [24 ]. Whether t his respon s ive cell is 
actua lly a la be l-reta ining cell is presently under investigation . 
Secondly, t he re is ev idence suggesting a heterogeneous respon-
s ive ness to TPA a mong murine keratinocytes grown in cell 
culture (13]. Wi t h rega rd to t he induction of t he en zyme 
orni t hine decarboxylase, some "basa l" cells responded very 
quickly to low con cen t rations of TPA while others were less 
sens itive a nd responded later. S imila rly, some "basal" cells 
responded to T P A wi t h an inc rease in epiderma l t ra nsgluta m-
inase activi ty, a biochemica l ma rker of terminal differen t ia tion , 
whi le other cell s responded wi t h increased prolifera tive activity. 
It would t hus be in teresting to dete rmine whether t he responses 
to TPA of epiderm a l ce lls in culture are a lso a fun ction of their 
maturity. 
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